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Abstract. Sustained high overloads often acting during aerospace flights can significantly affect the passenger
brain function dependent on the mechanical behavior of brain tissue and highly correlated with load characteris-
tics. To predict the mechanical responses of human brain under sustained high overloads, the poroelastic con-
stitutive model was adopted to characterize the mechanical behaviors of brain tissue. Built on an idealized 1D
multi-layer structural model for human heads, the poroelastic control equation and the state transfer matrix for
the brain tissue were derived. Through the Laplace transform and its inverse transform, the spatiotemporal dis-
tribution of the intracranial fluid pressure, the intracranial fluid seepage velocity, the brain tissue effective
stress, and the brain tissue displacement were obtained. The results indicate that, the intracranial fluid infiltra-
tion has a significant impact on the responses of the brain tissue under sustained high overloads. The present
work emphasizes the appropriateness and necessity of using poroelastic constitutive models to describe the me-
chanical behavior of brain tissue, providing important theoretical insights for the study of brain biomechanics

under extreme load conditions.
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(a) The anatomical structure of the head (b) The 1D multilayer structural model for the head
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Fig. 1 The head structure and its simplified model
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Table 1 Material parameters of the layers of the head structurel 3]

part density p / (kg+m™) elastic modulus E /MPa Poisson’ s ratio v
skin 1200 16.7 0.42
trabecular bone 2 000 15 000 0.22
cancellous bone 1300 1 000 0.24
dura mater 1130 31.5 0.45
arachnoid 1130 22.0 0.45
pia mater 1130 11.5 0.45
brain tissue 1 060 3.5x107* 0.35
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Fig. 2 The microelement of the poroelastic medium
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Table 2 Parameters in one-dimensional head model

model parameter symbol value reference
cerebrospinal fluid density p/(kgem™) 1 000 estimate
brain tissue solid skeleton density py /(kg'm™) 1 060 [14]
brain tissue elastic modulus E, /Pa 350 [15]
brain tissue porosity ny, 0.2 [18]
brain tissue permeability coefficient Ky /(m-s™") 1.59%1077 [19]
meningeal density P/ (kgem™) 1130 [13]
meningeal elastic modulus E, /MPa 31.5 [13]
meningeal porosity n, 0.2 estimate according to [ 18]
meningeal permeability coefficient K, /(m-s™") 1x1077 estimate according to [ 19]
gravitational acceleration g/(m-s2) 9.8 common knowledge
upper meningeal layer thickness AH, /mm 0.5 [15]
brain tissue layer thickness AH, /cm 10 estimate
lower meningeal thickness AH; /mm 0.5 [15]
initial intracranial pressure po /kPa 0.55 [20]
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Fig. 3 Temporal distributions of response variables for representative points in brain tissue
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Fig. 5 Temporal and spatial distributions of response variables for brain tissue with varying elastic moduli
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